Doctor of Pharmacy by Dees, Debra Nemeth
MEASURED CREATININE CLEARANCE COMPARED TO CALCULATED 
CREATININE CLEARANCE IN HOSPITALIZED ELDERLY MALES 
by 
Debra Nemeth Dees 
A project submitted to the faculty of the 
University of Utah in partial fulfillment of the requirements 
for the degree of 
Doctor of Pharmacy 
College of Pharmacy 
University of Utah 
June 1984 
UNIVERSITY OF UTAH COLLEGE OF PHARMACY 
FINAL READING APPROVAL 
TO THE DOCTOR OF PHARMACY COMMITTEE OF THE UNIVERSITY OF UTAH COLLEGE 
OF PHARMACY: 
I have read the clinical research project report of Debra Nemeth Dees 
in its final form and have found that 1) its format, citations, and 
bibliographic style are consistent and acceptable; 2) its illustrative 
materials including figures, tables, and charts are in place; and 3) 
the final manuscript is satisfactory to the Supervisory Committee and 
is ready for submission to the Doctor of Pharmacy Committee. 
Ch Xirman, supervisor committee Date 
Approved for the Department of Pharmacy Practice 
Chairman 
Approved for the Doctor of Pharmacy Committee 
Chaii actor of Pharmacy Committee : 'o , 
UNIVERSITY OF UTAH COLLEGE OF PHARMACY 
SUPERVISORY COMMITTEE APPROVAL 
of a clinical research project report submitted by 
Debra Nemeth Dees 
We, the undersigned, have read this clinical research project report 
and have found it to be of satisfactory quality for a Doctor of Pharmacy 
Degree. 
g - 6 - g y 
Date Chairman, Supervisor^ Committee tairman, Supervisory Commii 
Date Meml^ er, Supervisory Committee 
Date Member, Supervisory Committee 
ACKNOWLEDGEMENT 
This one's for you 
to those who have given me much needed support throughout the past 
two years, Mom, Julie, Kathy, Kay and Loren and especially Dan who 
never doubted I could make it to this point. 
to Drs. Jean Devenport, Martin Higbee and James Wood, my 
supervisory committee, who have offered much advice and spent much 
time with this project. 
to Ginger Farley French, friend and competent professional whose 
encouragement led me to continue my education. 
TABLE OF CONTENTS 
LIST OF FIGURES 
LIST OF TABLES 
INTRODUCTION 
Study Objectives 




Serum Creatinine Determination 
Laboratory Analysis 
Determination of Measured Creatinine Clearance 
Ideal Body Weight Determination 









LIST OF FIGURES 
Page 
Figure I. Nomogram One, Siersbaek-Nielsen Nomogram 18 
Figure II. Nomogram Two, Wartok-Dixon Nomogram 19 
vi 
LIST OF TABLES 
Page 
Table I. Age, Height, and Weight of Patients Studied . . . . 21 
Table II. Creatinine Excreted in Urine over 24 Hours 22 
Table III. Mean Measured and Calculated Creatinine Clearance 
and Indication if Calculated Methods Fell Within 
± 20 Percent of Measured Creatinine Clearance . . . 23 
Table IV. Individual Measured and Calculated Creatinine 
Clearance, Differences Between Measured and 
Calculated Creatinine Clearance, and Indication 
of Acceptability for Clinical Use 24 
Table V. Mean Measured Creatinine Clearance and 
Calculated Creatinine Clearance using Actual 
Body Weight, Ideal Body Weight, and Lean Body 
Mass Differences Between Measured and 
Calculated Creatinine Clearance, and Indication 
if Calculated Methods Fell Within ± 20 Percent 
of Measured Creatinine Clearance 25 
Table VI. Individual Calculated Creatinine Clearance, 
Differences Between Measured and Calculated 
Creatinine Clearance, and Indication of 
Acceptability for Clinical Use, Equation One, 
Nomogram One, Nomogram Two, with Actual Body 
Weight, Ideal Body Weight, and Lean Body Mass . . . 26 
vii 
INTRODUCTION 
Creatinine clearance is used as a measure of renal function and is 
useful for initiation and alteration of dosages of renally excreted 
drugs. Creatinine clearance approximates inulin clearance, which has 
been established as the most accurate measure of glomerular filtration 
rate.^ Determination of inulin clearance requires a constant plasma 
infusion of inulin and urinary tract catheterization, making this test 
a research tool with little practical application in the clinical 
setting. Creatinine is an endogenous product of muscle metabolism, 
and unlike plasma urea levels, which vary depending on protein intake 
2 
and changes in tissue catabolism, creatinine excretion is fairly 
1 2 3 
constant throughout a 24 hour period. ' ' The endogenous origin and 
constant plasma levels of creatinine afford a practical method for 
estimation of glomerular filtration, without the need for infusing an 
exogenous substance. 
Creatinine is filtered by the glomerulus and partially secreted by 
2 
the proximal tubules, yielding a creatinine clearance that is greater 
than inulin clearance. The effect tubular secretion has on creatinine 
clearance is offset by noncreatinine chromogens detected by the 
colorimetric technique used to assay creatinine. Plasma, but not 
urine creatinine levels will be increased by noncreatinine chromogens. 
In the calculation of creatinine clearance, urine creatinine concentra-
tion is in the numerator and plasma creatinine concentration is in the 
denominator. Since the effect of tubular secretion of creatinine and 
2 
noncreatinine chromogens is approximately equal, measured creatinine 
clearance is a useful tool for estimation of glomerular filtration. 
A 24 hour urine collection is recommended for measurement of 
creatinine clearance.^ This method requires a precise collection of 
urine which may be difficult to accomplish due to incomplete urine 
collection and errors of timing. In the clinical setting, assuring 
patient compliance and coordinating nursing and laboratory functions 
may be quite difficult. 
Specific equations and nomograms for calculating creatinine 
clearance from serum creatinine values have been developed to avoid 
the problems of a 24 hour urine collection. These equations and 
nomograms assume that the plasma creatinine value is at steady state. 
Certain methods include weight in the calculation, but often it is not 
specified if actual body weight, ideal body weight or lean body mass 
should be used. Some make adjustments for changing renal function 
with age. Creatinine clearance estimated by these formulas may vary 
4 
substantially. 
Davies and Shock completed experimentation in males of various 
ages and determined that as individuals age, kidney function de-
creases.^ Both glomerular filtration and tubular secretion decline in 
healthy aging adults."' This is accompanied by decreased renal blood 
flow which begins in the fourth decade of life. By the age of 65 
years, renal blood flow will be diminished by 60 percent that of 
younger adults. Methods for estimating creatinine clearance must take 
into account the declining function of the aging kidney. 
Body composition also changes with age. The percentage of adipose 
tissue increases in the aging individual while there is also a 
3 
decrease in the amount of fat-free mass, namely skeletal muscle 
tissue.^ Therefore, daily creatinine production in an elderly indivi-
dual will be less because the tissue from which it is produced de-
clines with age. Accordingly, serum creatinine values do not ac-
curately reflect renal function in an elderly individual because less 
creatinine is produced.^ Because creatinine production and excretion 
are directly related to the amount of muscle mass, one must identify 
an appropriate measure of weight. Actual body weight, ideal body 
weight and lean body mass have been used as weight measures. Formulas 
and nomograms which take into account an appropriate weight measure 
should be expected to more closely predict creatinine clearance from a 
serum creatinine measurement when compared to measured creatinine 
clearance. 
Using data gathered from 249 patients, Cockcroft and Gault derived 
4 
a formula for estimating creatinine clearance from serum creatinine. 
This formula included the variables of weight and age. The patients 
from whom this equation was derived ranged in age from 28 to 92 years. 
All were males and actual body weight was utilized in the calcula-
tions. This equation has subsequently been tested by various re-
searchers and has been found to be useful as an estimation for creati-
nine clearance. A shortened version of this equation incorporates age 
but not weight in the calculations and has been used by many -w 7,8 authors. 
Other equations have been proposed by researchers. In 1971, 
Jelliffe introduced a simple equation for estimation of creatinine 
9 
clearance using serum creatinine. This equation was generated from 
hypothetical data and utilized serum creatinine at steady state. This 
equation does not include factors for patient age and weight. 
4 
Siersbaek-Nielsen responded to Jelliffe's method of estimation of 
creatinine clearance with a nomogram for estimating creatinine clear-
ance published in 1971.^ This nomogram was developed from a study of 
149 male patients. Included in this study were 18 patients aged 70 to 
79 years, 12 patients aged 80 to 89 years, and 5 patients aged 90 to 
99 years. The mean creatinine clearance for those aged 80 to 89 years 
was 47 ml per 1.73 meters squared. 
A second nomogram published by Wartok and Dixon in 1982 was 
developed from an undefined population.*^ 
Previous studies estimating creatinine clearance from serum or 
plasma creatinine In the elderly have not controlled for variables 
such as stability of renal function, disease processes, and 
medications which may significantly affect creatinine clearance 
8 12 13 
values. ' ' The equations and nomograms have been developed for 
use in patients who have stable renal function and are not indicative 
of creatinine clearance in those with rapidly changing renal function. 
Stable renal function has been defined as no greater than 20 percent 
difference in two serum creatinine determinations at 24 hour 
4 
intervals. Studies using only one serum creatinine value do not 
assure that subjects have stable renal function. 
Several disease states may affect prediction of creatinine clear-
ance. Hull et al have shown that liver disease is associated with 
14 
overprediction of creatinine clearance from serum creatinine. 
Another disease state, decompensated congestive heart failure, is 
characterized by a decrease in renal perfusion which results in a 
decrease in the amount of creatinine filtered and therefore would 
decrease creatinine clearance values. Overestimation of glomerular 
filtration rate by creatinine clearance occurs in nephrotic 
syndrome, terminal chronic renal failure, and following renal trans-
plantation. 
Other factors which may affect creatinine clearance determinations 
include alterations in fluid balance, e.g., dehydration or initiation 
of agents which possess anticholinergic or diuretic activity. 
To appropriately evaluate existing methods for creatinine clear-
ance determination, persons with disease states or conditions that may 
produce error should be excluded. The factors of age and weight 
should be included to increase the accuracy of the determination. 
Study Obj ectives 
1. Determine which of five methods for estimation of creatinine fell 
within a range of ± 20 percent of a 24 hour measured creatinine 
clearance. 
2. Determine the variation of estimating creatinine clearance by 
using actual body weight, ideal body weight or lean body mass. 
The calculated methods included the following equations. 
Equation One: (140 - age) X wt(kg) 
72 X [Cr ] mg/dl serum 
(Ref. 4) 
Equation Two: 140 - age(yr) 
[Cr]* mg/dl serum 
(Ref. 7) 
Equation Three: 100 
[Cr]* mg/dl serum ° 
- 1 2 (Ref. 9) 
* [Cr] = serum creatinine serum 
6 
Two nomograms were also evaluated and appear as Figures I and II. 
MATERIALS AND METHODS 
Patient Selection 
Subjects included in the study were males, 70 years of age or 
older, who were patients at the Geriatric Teaching and Evaluation Unit 
at the Salt Lake City Veterans Administration Medical Center from whom 
informed consent was obtained. 
Exclusion Criteria 
Patients were excluded from study participation for any of the 
following reasons: 
1. Unstable renal function as evidenced by a difference of 20 percent 
or greater in serum creatinine levels determined at the same time of 
4 
day at least.24 hours apart. 
2. Cirrhosis or other documented liver disease as evidenced by 
elevation of serum liver enzyme values of two times the upper limit of 
normal or greater. 
3. Decompensated congestive heart failure. 
4. Malnourishment as determined by a serum albumin value of less than 
2.8 gm/dl or an actual body weight that was 20 percent or greater 
below ideal body weight. 
5. Dehydration as determined by a urine specific gravity greater than 
1.025 and clinical evidence such as orthostatic hypotension, tachy-
cardia or decreased skin tugor. 
6. Mental status that did not allow patients to comply with require-
ments of the study. 
7. Recent (within two weeks) initiation of diuretic therapy including 
thiazide-type or loop-type diuretics. 
8. Recent (within two weeks) initiation of therapy with drugs that 
exhibit anticholinergic activity. 
9. Therapy with agents that interfer with the alkaline picrate 
solution method of analysis for creatinine, i.e., ascorbic acid, 
13 15 
barbiturates, cefoxitin and cephalothin. ' 
10. Therapy with agents which have been shown to inhibit creatinine 
secretion in the kidneys, i.e., trimethoprim and cimetidine.^ 
11. Patients who by clinical evaluation or history had evidence of 
muscle mass deterioration or a proven myopathy. 
4 
12. Patients who produced less than 500 ml of urine over 24 hours. 
Urine Collection 
One 24 hour urine collection was required from each patient. 
Patients were either allowed to collect urine in a container with 
nursing supervision or by use of a condom catheter. Collected urine 
was stored under refrigeration until the total amount had been gath-
ered. The total volume of urine was measured. An aliquot of 2 ml to 
5 ml was sent to the laboratory for creatinine analysis. 
Serum Creatinine Determination 
Two serum creatinine values were determined for each patient. 
Serum creatinine concentrations were obtained at the same time of day 
24 or 48 hours apart to control for variable daily excretion of 
creatinine.^ Difference in values of greater than 20 percent was 
4 
considered a marker for unstable renal function. 
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Laboratory Analysis 
The serum and urine creatinine analysis was completed by the 
chemistry laboratory at the Salt Lake City Veterans Administration 
Medical Center. The alkaline picrate method which has a sensitivity 
13 17 
of ± 10 percent was used. ' 
Determination of Measured Creatinine Clearance 
Measured creatinine clearance was calculated from the following 
equation: 
Ideal Body Weight Determination (IBW) 
Ideal body weight was determined from the following equation: 
IBW = 50 kg + 2.3 kg for each inch over five feet (Ref. 18) 
Lean Body Mass Determination (LBM) 
Lean body weight was determined from the following equation: 
LBM = Total Body Water (TBW) 
.73 (Ref. 19) 
TBW = 2.447 - 0.095 X age (yrs) 
+ 0.107 X height (cm) + 0.336 X weight (kg) 
Data Analysis 
Due to the small sample size in this preliminary study, data were 
analyzed using descriptive statistics. Means and standard deviations 
were calculated for each set of data. The difference between the 
9 
measured creatinine clearance and the calculated creatinine clearance 
was determined and tested by means and standard deviations. Calcu-
lated methods were judged useful for clinical application if they fell 
within a range of ± 20 percent of the measured creatinine clearance. 
Creatinine clearance values were not corrected to body surface area 
since none of the current standard formulas available account for 
height loss which occurs with aging. 
RESULTS 
Five patients completed this preliminary study. Patient ages, 
weights and heights can be found in Table I. The collection of urine 
for each patient was adequate as determined by creatinine excreted in 
urine over 24 hours and ranged from 12.5 mg/kg/24 hours to 16.5 
4 
mg/kg/24 hours. Individual results can be found in Table II. 
Tables III and IV contain mean and individual measured and calcu-
lated creatinine clearance. The mean measured creatinine clearance 
was 61 ± 16 ml/min. The range was 41 ml/min to 80 ml/min. The mean 
creatinine clearance determined from equation one using actual body 
weight was 43 ± 11 ml/min and the range was 26 ml/min to 56 ml/min. 
The mean difference between measured creatinine clearance and calcu-
lated creatinine clearance was 18 ± 6 ml/min. This equation did not 
predict a mean calculated creatinine clearance that was in the ± 20 
percent range of the measured creatinine clearance. 
The mean creatinine clearance determined from equation two was 43 
± 7 ml/min. The range was 35 ml/min to 52 ml/min. The mean dif-
ference between measured and calculated creatinine clearance was 18 ± 
12 ml/min which did not fall within the ± 20 percent range between 
measured and calculated creatinine clearance. 
10 
The mean creatinine clearance determined from equation three was 
67 ± 11 ml/min. The range was 55 ml/min to 83 ml/min. The mean 
difference between measured and calculated creatinine clearance was 12 
± 8 ml/min. This equation predicted creatinine clearance within ± 20 
percent of the measured creatinine clearance. 
The mean creatinine clearance determined from nomogram one was 44 
± 11 ml/min with a range of 28 ml/min to 56 ml/min. The mean dif-
ference between measured and calculated creatinine clearance was 17 ± 
6 ml/min. This method also did not predict a mean creatinine clear-
ance that was within ± 20 percent of the measured creatinine 
clearance. 
The mean creatinine clearance determined from nomogram two was 46 
± 11 ml/min with a range of 29 ml/min to 58 ml/min. The mean dif-
ference between measured and calculated creatinine clearance was 15 ± 
6 ml/min. This method again did not predict a mean creatinine clear-
ance that was within ± 20 percent of the measured creatinine 
clearance. 
Tables V and VI contain mean and individual creatinine clearance 
values for equation one and nomograms one and two using actual body 
weight, ideal body weight and lean body mass. Ideal body weight and 
lean body mass were substituted into equation one, nomogram one and 
nomogram two. When ideal body weight was used in equation one, the 
mean creatinine clearance was 40 ± 8 ml/min with a range of 30 ml/min 
to 50 ml/min. The mean difference between measured and calculated 
creatinine clearance was 21 ± 10 ml/min. This equation did not 
predict a mean creatinine clearance that was within ± 20 percent of 
the measured creatinine clearance when ideal body weight was used. 
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When lean body mass was substituted, the mean creatinine clearance was 
30 ± 6 ml/min with a range of 20 ml/min to 37 ml/min. The difference 
between measured and calculated creatinine clearance was 31 ± 9 ml/min 
and this was outside of the i 20 percent range of the measured creati-
nine clearance. 
When ideal body weight was substituted into nomogram one, the mean 
creatinine clearance was 42 ± 9 ml/min. The range was 32 ml/min to 56 
ml/min. The mean difference between measured and calculated creati-
nine clearance was 19 ± 13 ml/min. This again was not within ± 20 
percent of the measured clearance. When lean body mass was substi-
tuted into this nomogram, the mean creatinine clearance was 32 ± 6 
ml/min. • The range was 22 ml/min to 39 ml/min. The mean difference 
between measured and calculated creatinine clearance was 29 ± 9 
ml/min. This was not within the ± 20 percent range of the measured 
creatinine clearance. 
When ideal body weight was substituted into nomogram two, the mean 
creatinine clearance was 21 ± 9 ml/min. The range was 31 ml/min to 52 
ml/min. The mean difference between measured and calculated creati-
nine clearance was 15 ± 6 ml/min. This figure was not within ± 20 
percent of the measured creatinine clearance. When lean body mass was 
substituted into this nomogram, the mean creatinine clearance was 32 ± 
6 ml/min. The range was 22 ml/min to 39 ml/min. The mean difference 
between measured and calculated creatinine clearance was 29 ± 9 
ml/min. This estimation was not within the range of ± 20 percent of 
the measured creatinine clearance. 
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DISCUSSION 
The challenge to find a rapid and reliable method for determina-
tion of creatinine clearance to use for drug dosing, has prompted many 
researchers to develop equations and nomograms over the past 15 years. 
Data from various subject populations have been used to form the basis 
for calculated methods for creatinine clearance determination. The 
number of elderly represented in study groups has been small. 
An evaluation in an elderly population was undertaken to determine if 
prediction of measured creatinine clearance within ± 20 percent could 
be accomplished with various calculated methods measuring only serum 
creatinine and eliminating the need of a 24 hour urine collection. 
In this preliminary study, creatinine clearance measurements were 
completed on five elderly males aged 83 to 89 years. Creatinine 
clearance was estimated by using three widely accepted equations and 
two commonly used nomograms. When means of the calculated methods 
were evaluated, the only method to predict creatinine clearance within 
± 20 percent of the measured creatinine clearance was equation three. 
Neither of the nomograms predicted creatinine clearance within this 
range. 
Body composition changes in the elderly yield a greater percentage 
of adipose tissue and a smaller amount of skelatal muscle mass than in 
younger individuals.^ Since the tissue in which creatinine is pro-
duced is decreased, it has been thought that using actual body weight 
in determination of creatinine clearance may not produce values within 
8 20 
an acceptable range. ' Substitution of ideal body weight or lean 
body mass might produce values within an acceptable range. When ideal 
body weight and lean body mass were substituted in equation one and 
13 
nomogram one and two, the predicted creatinine clearance was not 
within the ± 20 percent range of measured creatinine clearance. Thus, 
the work of previous authors is not supported by this study at this 
4,8 
time. 
The individual patient results suggest that stratification by 
weight could indicate an appropriate method for calculation of creati-
nine clearance. Equation three predicted creatinine clearance within 
the ± 20 percent range for patients A, D and E. This equation under-
predicted creatinine clearance for these patients by 4 percent, 15 
percent and 7 percent, respectively. This equation does not account 
for age or weight of the patient and was not expected to produce the 
best predicted creatinine clearance values. Other authors have not 
found this equation to be optimal for the prediction of creatinine 
4 8 
clearance since weight and age are not used in the calculation. ' 
21 
Dionne et al evaluated prediction of creatinine clearance in 
obese individuals (1.95 ideal body weight) and found that by using 
actual body weight creatinine clearance was overpredicted with calcu-
lated methods. Substitution of ideal body weight underpredicted 
creatinine clearance. A method which predicted creatinine clearance 
within an acceptable range in overweight individuals was not stated. 
Three patients in this study were 1.2 to 1.4 times their ideal body 
weights and would not fit into the same category as Dionne's obese 
patients. When ideal body weight and lean body mass were substituted 
into equation one and nomograms one and two the predicted creatinine 
clearance was underestimated and not within the ± 20 percent range for 
these three overweight patients. It is not possible to compare the 
14 
predicted outcomes of these moderately overweight subjects to the 
obese subjects in Dionne's study. But neither can one ignore the fact 
of weight and that equation three was the only suitable predictor of 
creatinine clearance in these patients. 
The creatinine clearance of patients B and C was predicted within 
± 20 percent range of measured creatinine clearance by equation two. 
This equation accounts for age but not weight. The creatinine clear-
ance was underestimated by 12 percent in both patients. The patients 
were under their ideal body weight by 9 and 10 kilograms, respec-
tively. When ideal body weight was substituted in equation one and 
nomograms one and two, the predicted creatinine clearance of patient B 
fell within the ± 20 percent range of measured creatinine clearance. 
The creatinine clearance predicted for patient C was only one milli-
liter away from being within the ± 20 percent range. Prediction of 
creatinine clearance in underweight individuals has not previously 
been evaluated, but it is important to note that equation two pre-
dicted creatinine clearance within ± 20 percent for both underweight 
patients. Ideal body weight improved the prediction capabilities in 
these patients. 
When utilizing any calculated method for prediction of creatinine 
clearance that includes weight, one should determine which weight the 
authors utilized for derivation of the equation. When equation one 
was developed, actual body weight was used. In this study use of 
actual body weight produced creatinine clearance values closer to 
measured creatinine clearance than when ideal body weight or lean body 
mass was substituted in equation one. This further underscores the 
importance of choosing the correct weight measure when calculating 
creatinine clearance. 
15 
Evaluation of the subjects used in the studies in which these 
methods were derived is also important. Many of the subject popu-
lations from which these methods were developed were ambulatory 
elderly.^'^'^ Yet the subjects in this study were all hospitalized. 
22 
Denham et al found that renal function diminished in ill elderly 
inpatients. It is difficult to estimate the effect diminished renal 
function will have on creatinine clearance prediction methods, but one 
must keep in mind the fact that the equations and nomograms being used 
to predict creatinine clearance in these hospitalized patients were 
developed in an ambulatory population. 
SUMMARY 
When reviewing these patients, two trends appear. First, for 
those patients who were overweight, equation three was the only 
calculated method which estimated creatinine clearance within ± 20 
percent of the measured creatinine clearance. Second, equation two 
was the only method that predicted creatinine clearance within the ± 
20 percent range for both of the underweight patients. Stratification 
of patients by body weight, i.e., overweight and underweight, may be 
important in selecting a prediction method for creatinine clearance. 
More patients need to be studied, including underweight, overweight 
and especially patients at their ideal body weight. 
Usage of the weight measure intended by the author of calculated 
methods should produce creatinine clearance estimations within an 
acceptable range as demonstrated by equation one. Unfortunately, this 
information is not known for other equations and nomograms. 
16 
The type of population (i.e., ambulatory or hospitalized) from 
which equations and nomograms are derived may be a factor in choosing 
an appropriate estimation method. 
Finally, one must keep in mind the small sample size of this study 
and reserve conclusions for a larger sample size. 
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Nomogram for  rapid evaluation of  endogenoua-creatininc 
clearance. 
With a ruler, join weight to age. Keep ruler 
at crossing-point of line marked R. Then move 
the right-hand side of the ruler to the approp-
riate serum creatinine value and read the 
patient's clearance from the left side of the 
nomogram. (Ref. 10) 
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Figure II. Nomogram two. War tok.-Dixon Nomogram 
Body Weight Creatinine Clearance in ml/min/1.73 m 1 
Draw a perpendicular line at the patient's weight until it crosses 
the line corresponding to the patient's age. Draw a horizontal 
line at the crossing until it intercepts the line corresponding 
to the patient's serum creatinine concentration. Draw a perpendicular 
line at the last crossing until it intersects the creatinine 
clearance axes and read the value at the intersection with the 




Table I. Age, Height and Weight of Patients Studied 
Patient Patient Patient Patient Patient 
A B C D E 
Actual 
Body Weight(kg) 82 59 51 88 88 
Ideal 
Body Weight(kg) 70 68 61 71 63 
Lean 
Body Mass (kg) 55 45 40 59 57 
Age(yr) 87 85 89 83 88 




Table II. Creatinine Excreted in Urine over 24 Hours 
Patient Patient Patient Patient Patient 
A B C D E 
Creatinine 
Excreted 15.6 15.3 16.0 16.5 12.5 
mg/kg/24 hrs 
Urine 




Table III. Mean Measured and Calculated Creatinine Clearance, 
Differences" from Measured Creatinine Clearance and 
Indication if Calculated Methods Fell Within + 20 
Percent of Measured Creatinine Clearance 
Method Cr CI + S.D. Difference Within Range 
ml/min ml/min yes or no 
Measured 61 + 16 — -
Equation 1* 43 + 11 18 + 6 no 
Equation 2 43 + 7 18 + 12 no 
Equation 3 67 + 11 12 + 8 yes 
Nomogram 1* 44 + 11 17 + 6 no 
Nomogram 2* 46 + 11 15 + 6 no 
* Actual body weight used in calculations 
Table IV. Individual Measured and Calculated Creatinine Clearance, Differences Between Measured 
and Calculated Creatinine Clearance and Indication of Acceptability for Clinical Use 
Patient A Patient B Patient C Patient D Patient E 
Method CrCl Diff +20% CrCl Diff +20% CrCl Diff +20% ;rCl Diff +20% CrCl Diff +20% 
Measured 74 - - 59 - - 41 - - 80 - - 51 - -
Equation 1* 50 -24 N 43 -16 N 26 -15 N 56 -24 N 42 - 9 N 
Equation 2 44 -30 N 52 - 7 Y 36 - 5 Y 46 -34 N 35 -16 Y 
Equation 3 71 - 3 Y 83 +24 N 59 +18 N 68 -12 Y 55 + 4 Y 
Nomogram 1* 50 -24 N 46 -13 N 28 -13 N 56 -24 N 42 - 9 Y 
Nomogram 2* 52 -22 N 46 -13 N 29 -12 N 58 -22 N 43 - 8 Y 
* Actual body weight used in the calculations 
CrCl= Creatinine Clearance in ml/min 
Diff= Difference between measured creatinine clearance and calculated creatinine clearance in ml/min 
+20%= Does the calculated creatinine clearance fall within + 20 percent range of the measured creatinine 
clearance? yes (Y) or no(N) 
25 
X 
Table V. Mean Measured Creatinine Clearance and Calculated 
Creatinine Clearance using Actual Body Weight (ABW), 
Ideal Body Weight (IBW), and Lean Body Mass (LBM), 
Difference between Measured and Calculated Creatinine 
Clearance and Indication if Calculated Methods Fell 
within + 20 Percent of Measured Creatinine Clearance 
Method Cr CI + S.D. Difference Within Range 
ml/min ml/min yes or no 




43 + 11 18 + 6 no 
IBW 40 + 8 21 + 10 no 




44 + 11 17 + 6 no 
IBW 42 9 19 + 13 no 




46 + 10 15 + 6 no 
IBW 41 + 9 20 + 11 no 
LBM 32 + 6 29 + 9 no 
K 
Table V. Mean Measured Creatinine Clearance and Calculated 
Creatinine Clearance using Actual Body Weight (ABW), 
Ideal Body Weight (IBW), and Lean Body Mass (LBM), 
Difference between Measured and Calculated Creatinine 
Clearance and Indication if Calculated Methods Fell 
within + 20 Percent of Measured Creatinine Clearance 
Method Cr CI + S.D. Difference Within Range 
ml/min ml/min yes or no 




43 + 11 18 + 6 no 
IBW 40 + 8 21 + 10 no 




44 + 11 17 + 6 no 
IBW 42 + 9 19 + 13 no 




46 + 10 15 + 6 no 
IBW 41 + 9 20 + 11 no 
LBM 32 + 6 29 + 9 no 
Table VI. Individual Calculated Creatinine Clearance, Differences Between Measured and Calculated 
Creatinine Clearance, and Indication of Acceptability for Clinical Use, Equation one, 
Nomogram one, Nomogram two, with Actual Body Weight (ABW) Ideal Body Weight (IBW) and 
Lean Body Mass (LBM) 
Patient A Patient B Patient C Patient D Patient E 
Method CrCl Diff +20% CrCl Diff +20% CrCl Diff +20% CrCl Diff +20% CrCl Diff +20% 
Equation 1 
ABW 50 -24 N 43 -16 N 
IBW 43 -31 N 50 - 9 Y 
LBM 34 -40 N 33 -26 N 
Nomogram 1 
ABW 50 -24 N 46 -13 N 
IBW 43 -31 N 56 - 3 Y 
LBM 36 -38 N 34 -25 N 
»ram 2 
ABW 52 -22 N 46 -13 N 
IBW 44 -30 N 52 - 7 Y 
LBM 36 -38 N 33 -26 N 
26 -15 N 56 -24 N 42 - 9 Y 
31 -10 N 45 -35 N 30 -21 N 
20 -21 N 37 -43 N 27 -24 N 
28 -13 N 56 -24 N 42 - 9 Y 
32 - 9 N 45 -35 N 34 -17 N 
22 -19 N 39 -41 N 28 -23 N 
29 -12 N 58 -22 N 43 - 8 Y 
31 -10 N 39 -32 N 32 -19 N 
'22 -29 N 30 -41 N 28 -23 N 
Cr CI = Creatinine clearance in ml/min 
Diff = Difference between measured creatinine clearance and calculated creatinine clearance in ml/min 
+20% = Does the calculated creatinine clearance fall within + 20 percent of the measured creatinine 
clearance? yes (Y) or no (N) K3 
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